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General. All reagents employed in this study were obtained from commercial sources at the highest available purity and used without further purification, unless otherwise noted. All reactions were performed under dry N 2 . Methylene chloride, toluene, and THF were purified by passing through alumina in an MBraun solvent purification system. Column chromatography was performed with Fluka Silica Gel 60 (220-440 mesh). Small molecules were characterized by 1 H NMR (400 MHz), 13 C NMR (100 MHz), and 19 F NMR (376 MHz), where appropriate, on a Bruker
Avance III HD NanoBay NMR Spectrometer. PC 70 BM was purchased from Nano-C, Inc., was >99% pure, and was used without further purification.
Compounds 11, 1 14, 2 and 15 3 were prepared according to literature procedures. C 60 (CF 3 ) 2 was synthesized in the high-temperature reaction between C 60 and CF 3 I, as previously described, 4 and isolated 5 , with 98+% purity, according to 19 F NMR, HPLC and ESI mass spectrometry.
Preparation of 1.
A round bottom flask was charged with 3-thiophenecarboxaldehyde (1 eq., 138 mmol, 15.5 g), p-toluenesulfonic acid monohydrate (0.021 eq., 2.86 mmol, 0.544 g), ethylene glycol (2 eq., 276 mmol, 17.13 g, 15.39 mL) and dry benzene (150 mL). The round bottom reaction flask was then equipped with a Dean-Stark apparatus interfaced with a reflux condenser; the top of the reflux condenser was connected via Tygon tubing to a drying tube containing anhydrous calcium chloride. The reaction solution was stirred at 80 °C (note: in our hands reaction temperatures in excess of 80 °C resulted in little or no conversion) for 48 hrs. The reaction solution was then poured into 5% NaHCO 3 (aq.). The resulting solution was extracted with ethyl acetate (2X), the organic layers isolated and dried over MgSO 4 , and solvent removed to afford 1 as a light brown oil in 90% yield. This material was of sufficient purity to be used without further purification. 1 
Preparation of 6 (through intermediate 5). A two-neck
IV. Photobleaching
Samples were exposed to a four bulb DC halogen lamp (Sylvania 58321) array outputting 120 mW/cm 2 at the surface of the samples. Radiative heating from the lamps kept the samples at a temperature of 65 °C which was spot-checked throughout the experiments using a contact thermocouple. Fraction of light Absorbed (FA) spectra were calculated using Eq. S1 from fraction reflected (FR) and fraction transmitted (FT) spectra collected by separate spectrometers (Ocean Optics HR2000) fitted with a 'six around one' reflectance probe (Ocean Optics R400-7-SR) and a collimating lens respectively.
(S1) = 1 --A first surface aluminum mirror was used as the reflectance reference. Accumulated photon dose was calculated using Eq. S2 where is the spectral photon flux of the degradation lamp ℎ array.
(S2)
Spectral irradiance data of the photobleaching light source was gathered using a six-inch integrating sphere (Optronic Labs OL IS-670) fitted with silicon (Soma S-2441C) and InGaAs (Spectral evolution LF1250) diode arrays. The spectral irradiance data was then converted to photon flux using Eq. S3. A representative contour plot of the TRPL data is illustrated in Figure S7 for the neat SM1
film. From this data, PL decays (like those in Figure 5 of the main text and Figure S8 
VI. Time-Resolved Microwave Conductivity
TRMC is a pump-probe technique that can be used to measure the photoconductance of a film without the need for charge collection at electrical contacts. 6, 7 The details of the experimental methodology have been presented elsewhere. 7, 8 In brief, the sample is placed in a microwave cavity at the end of an X-band waveguide operating at ca. 9 GHz, and is photoexcited through a grid with a 5 ns laser pulse from an OPO pumped by the third harmonic of an Nd:YAG laser. The relative change of the microwave power, P, in the cavity, due to abrorption of the microwaves by the photoinduced free electrons and holes, is related to the transient photoconductance, ΔG, by ΔP/P = -KΔG, where the calibration factor K is experimentally determined individually for each sample. Taking into account that the electrons and holes are generated in pairs, the peak photoconductance during the laser pulse can be expressed as 7
S15
where q e is the elementary charge, β = 2.2 is the geometric factor for the X-band waveguide used, I 0 is the incident photon flux, F A the fraction of light absorbed at the excitation wavelength,  is the quantum efficiency of free carrier generation per photon absorbed and  the sum of the mobilities of electrons and holes. 7 Eq. S4 is used to evaluate the quantum efficiency or free carrier generation per photon absorbed, multiplied by the local mobility of free carriers. These quantities can often be correlated with molecular structure to provide insight into the mechanisms for free carrier generation and transport in polymer-fullerene composites as a function of the microstructure. The photoconductance decay after the end of the laser pulse is also a useful tool for the characterization of free carrier decay mechanisms by recombination and trapping. Active layer blend samples for this work were prepared on quartz substrates under identical conditions as used for the photobleaching studies. 
VIII. XRD Data
S17
X-ray diffraction measurements were performed with a Rigaku D/MAX-2500H goniometer (185 mm Bragg−Brentano geometry) equipped with a rotating anode X-ray generator (40 kV, 200 mA) using Cu K radiation with a wavelength of 0.154 nm anddetected with a scintillation counter filtered with a single-bounce graphite monochromator. The scan rate was 1° min −1 in the 2θ range of 2° to 10° using 0.02° steps.
Analyses conducted on small molecule films prepared on quartz substrates immediately after spin casting and prior to photobleaching suggested the films were amorphous. Similarly, analyses conducted on the samples that were photobleached for 15 and 41 h revealed no crystalline peaks. However, if samples were prepared and stored for 2 months in the dark in an inert environment of nitrogen gas, distinct peaks in the XRD spectra of both the neat and blend samples began to emerge ( Figure S10 ). The results provide some evidence that the degree of order in SM1 films is prone to changing with time. Figure S11 . X-ray diffraction patterns of neat films of SM1 (black) and 1:1 blends by weight of SM1 with C 60 (CF 3 ) 2 (blue) and PC 70 BM (red), all aged for 2 months in the dark.
